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Gingival recession is characterized by displacement of the gingival margin apically from the cemento-enamel junction or the restorative margin (1) . In 1985, MILLER proposed a gingival recession classification system that characterized recession into four classes that was dependent on the location of the recession in relation to the mucogingival junction and the presence of periodontal supporting tissues (2) . This classification also provides clinicians with a guideline for therapeutic prognosis. For Class I and Class II recessions, complete root coverage is achievable; however, for a Class III defect, partial root coverage might be achieved.
Studies (1, 3) have shown that the prevalence of gingival recession has been steadily increasing since the 1980s. The National Health and Nutrition Examination Survey (NHANES) III (3) reported that 23.8 million people in the USA (22.5% of the population at the time) had one or more tooth surfaces with ≥3 mm of gingival recession. Similarly, KASSAB & COHEN (1) reported that over 50% of the population have one or more sites with gingival recession. This rise in recession rates is a concern for clinicians because root exposure may lead to dentinal hypersensitivity, esthetic concerns, and hygiene difficulties in areas where dental plaque and calculus easily accumulate beneath and around areas of recession (4) .
Understanding the etiology of a disease is essential to its treatment because etiologic factors should be addressed to ensure long-term success and stability of root-coverage procedures. HALL (5) reported inadequate attached gingiva, high frenulum attachment, malposition of teeth, and osseous dehiscence as the predisposing factors of gingival recession; in addition, vigorous toothbrushing, laceration, recurrent inflammation, and iatrogenic factors are reported as the precipitating factors of gingival recession.
To treat gingival recession, many procedures have been proposed and utilized, including coronally advanced flap (CAF) (6) , lateral positioned flap (7), double papilla flap (8) , semilunar flap (9) , free gingival graft (10) , subepithelial connective tissue graft (CTG) (11) , tunneling procedure (12) in combination with different grafting materials, including the use of CTG, acellular dermal matrix (13) , or xenograft materials, and the use of biologic agents such as enamel matrix derivative and platelet-derived growth factor (14) . Among them, CTG-based procedures have been reported to be the gold standard for root coverage (15) .
Although the need for a wide band of keratinized gingiva is controversial, some studies have shown its importance for maintaining gingival health (16, 17) . It has also been reported that a narrow zone of keratinized mucosa is associated with a higher incidence of gingival inflammation in teeth with subgingival restorations (17) . As such, an alternative to gain keratinized tissue and achieve complete root coverage during rootcoverage procedures was proposed in which part of the CTG is left exposed at the coronal portion of the recession defect (18) . Thus, the purpose of this systematic review and meta-analysis was to investigate whether a partially exposed or fully covered CTG procedure influences root-coverage outcomes in the treatment of gingival recession.
Material and Methods
The focused question of our study was to compare the rootcoverage outcomes of a partially exposed CTG technique with those of a fully covered CTG technique. The patient, intervention, comparison, outcome (PICO) question that was used in the study had the following components: P, healthy patient with a Miller Class I/II gingival recession; I, root-coverage procedures for treating gingival recession using CTG; and C, the effect of using a partially exposed CTG technique on root-coverage outcomes in comparison with a fully covered CTG technique. The primary outcome was the difference, between the two techniques, in the amount of keratinized tissue gained. The secondary outcomes that were analyzed were any difference of other softtissue parameters recorded by the included studies. These included: reduction of recession width and depth; percentage of surgical sites achieving complete root coverage; percentage of recession coverage; gain of tissue biotype; changes of probing depth; and gain of clinical attachment level.
Electronic and manual searches in the dental literature up to February The inclusion criteria for articles were as follows: human-based; randomized controlled trial (RCT), pilot study, or case series in which soft-tissue outcomes were reported; a minimum of 10 defects in each study group; and a follow-up period of at least 3 months after the rootcoverage procedures. Exclusion criteria were: animal study; case report; less than 3-month follow-up; sample size of less than 10 sites per study group; and/or incomplete or insufficient data on soft-tissue changes.
Data extraction and analyses
Data were extracted by two independent reviewers (A.D. and J.G.). If necessary, any disagreement was resolved by discussion with a third examiner (G.L.). The pooled weighted mean difference (WMD) of each recorded parameter and the risk ratio of achieving complete root coverage between the two techniques were estimated using a computer program (RevMan version 5.0; The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, 2008). To avoid potential bias from data analysis, only RCTs were pooled in quantitative synthesis (metaanalyses).
The contribution of each article was weighed. Heterogeneity was assessed using a chi-square test and the I 2 statistic, the values of which range between 0% and 100% and where lower values represent less heterogeneity. If an analysis presented low heterogeneity, fixed-effects metaanalysis was subsequently applied. If an analysis presented high heterogeneity, random effects meta-analysis was applied. Forest plots were generated to assess the differences for all included studies using surgical sites as the analysis unit. A value of P < 0.05 was used as the level of significance. The data presented in this systematic review adhered to the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) statement (19) .
The criteria used to assess the quality of the selected RCTs were modified from the RCT checklist of the Cochrane Center (20) , which provided guidelines for sequence generation, allocation concealment method, masking of the examiner, addressing incomplete outcome data, and being free of selective outcome reporting. For non-RCTs, the Methodological Index for Non-Randomized Studies (MINORS) was used to rank the risk of bias of the included study (21) . The degree of bias was categorized as low risk if all the criteria were met, as moderate risk when only one criterion was missing, and as high risk if two or more criteria were missing. Two independent reviewers (A.D. and G.L.) evaluated all the included articles.
Results

Study selection and characteristics of included studies
Initial screening of electronic databases yielded a total of 394 articles. In addition, seven more articles were selected through manual screening and other electronic sources. After elimination of duplicate studies, a total of 396 titles and abstracts were further evaluated. Overall, after screening of titles and abstracts, a total of 12 potentially relevant articles were selected. Full-text copies of these studies were obtained and thoroughly evaluated. Of these, five articles (22) (23) (24) (25) (26) fulfilled the inclusion criteria and were included in this systematic Exposed graft for root coverage review ( Fig. 1) . Table 1 reports the seven articles excluded (27) (28) (29) (30) (31) (32) (33) and the reasons for their exclusion. The kappa value between the two reviewers was 0.80 for evaluation of the titles and abstracts and 1.00 for evaluation of the full text.
The characteristics of the five included articles (22) (23) (24) (25) (26) are summarized in Table 2 . Among them, four (22, 23, 25, 26) were RCTs and one (24) was a retrospective case series. As a result of the different study design, the retrospective case series (24) was excluded from the meta-analyses but is still reported in Table 2 . Two studies (22, 24) included smokers in their study protocol. The follow-up periods of the studies included ranged from 3 to 18 months.
Four studies (22) (23) (24) (25) included recession defects in both the maxilla and the mandible. The fifth study (26) included only maxillary defects as experimental sites. Four studies (22) (23) (24) (25) In each of the included studies, the root-coverage procedure performed was a CTG. In one of the study groups a portion of the graft (ranging from 1.0 to 3.8 mm) was left exposed and in the other group a CAF was used to cover the graft. Four studies (22) (23) (24) 26) preserved an epithelial collar on top of the exposed CTG. Among them, one study (24) introduced an 'envelope' technique for the lesions treated with an exposed CTG and a CAF for the lesions fully covered. Another study (26) used a 'pouch' technique for the lesions treated with an exposed CTG and a CAF for the lesions in the fully covered group. Finally, in one study (22) , the exposed root surfaces in the fully covered group were conditioned with citric acid; however, there was no statistically significant effect of this additional step.
All the included studies (22) (23) (24) (25) (26) reported recession depth, the percentage of recession coverage, the number of cases that achieved complete root coverage, and the gain in keratinized tissue width as treatment outcomes. Two studies (23, 26) reported recession width reduction and biotype gain as additional treatment outcomes. *An epithelial collar of CTG was preserved in the test group. **The total number in the groups (C+T) does not match the number of the participants because more than one lesion could be included from the same patient.
Exposed graft for root coverage
Three studies (22, 23, 25 ) reported gain in clinical attachment level and probing depth reduction as additional treatment outcomes.
Meta-analyses of the included RCTs for the recorded parameters
In terms of the amount of keratinized tissue, all the included RCTs (22, 23, 25, 26) reported, as outcome, the gain in keratinized tissue between the two techniques. However, one article (22) did not provide a standard deviation of the observations; therefore, it was excluded from the quantitative analysis. The results of meta-analyses showed a statistically significant gain in keratinized tissue in favor of the exposed graft group (WMD = 0.70 mm, 95% CI: 0.23-1.17 mm, P = 0.003, Fig. 2) ; a low heterogeneity was seen (P value for chisquare test = 0.70 and I 2 = 0%) among the pooled studies.
The three articles (23, 25, 26) reporting the outcome of recession-depth reduction showed no statistically significant difference of recession-depth reduction between the two techniques (WMD = À0.23 mm, 95% CI: À0.48 to 0.02 mm, P = 0.07, Fig. 3 ). However, lesions treated with a fully covered CTG technique showed a tendency to have greater recession-depth reduction. Moderate heterogeneity (P value for chi-square test = 0.09 and I 2 = 58%) was seen among the pooled studies.
Two studies (23, 26) reported the outcomes of recession-width reduction between the two techniques. Meta-analysis showed no statistically significant difference (WMD = 0.56 mm, 95% CI: À0.58 to 1.71 mm, P = 0.33, Fig. 4) . A high degree of heterogeneity was seen (P value for chi-square test = 0.007 and I 2 = 86%) between the pooled studies.
All the included RCTs (22, 23, 25, 26) reported the number of participants achieving complete root coverage for both exposed and fully covered techniques. Of these studies, two (25, 26) reported a higher percentage of complete root coverage with the fully covered technique; the other two (22, 23) reported a higher percentage of complete root coverage with the exposed technique. The average of complete root coverage was 65.5% (range: 33.3-90.0%) for the partially exposed CTG technique and 64.4% (range: 20.0-89.5%) for the fully covered CTG technique. Meta-analysis for the comparison of complete root coverage between the two techniques presented a similar outcome (risk ratio = 1.00, 95% CI: 0.80-1.24, P = 0.98, Fig. 5 ) for both interventions. The comparison presented a low heterogeneity among the selected studies (P value for chi-square test = 0.44 and I 2 = 0%). Three RCTs (23, 25, 26) reported the percentage of recession coverage between the two techniques. Metaanalysis showed no statistically significant difference (WMD = À2.64%, 95% CI: À9.69% to 4.41%, P = 0.46, Fig. 6 ) between the two techinques. Low heterogeneity was seen (P value for chi-square test = 0.37 and I 2 = 1%) among the pooled studies. For the change of tissue biotype (23, 26) , probing depth reduction (23, 25) , and clinical attachment level gain (23, 25) , there were two studies reporting the outcomes for each parameter. Meta-analyses showed no statistically significant difference (for tissue thickness, WMD = 0.09 mm, 95% CI: À0.04 to 0.22 mm, P = 0.17, Fig. 7 ; for probing depth reduction, WMD = À0.04 mm, 95% CI: À0.38 to 0.30 mm, P = 0.84, Fig. 8 ; for clinical attachment level gain, WMD = 0.11 mm, 95% CI: À0.41 to 0.62 mm, P = 0.69, Fig. 9 ) between the two groups. Low heterogeneity was seen between the pooled studies for these three comparisons (for tissue thickness, P value for the chi-square test = 0.38 and I 2 = 0%; for probing depth reduction, P value for chi-square test = 0.59 and I 2 = 0%; and for clinical attachment level gain, p value for chi-square test = 0.30 and I 2 = 7%).
Assessment of methodological quality
The results of risk of bias assessment for the RCTs and non-RCT included are summarized in Tables 3 and 4 , respectively. One study (23) was considered to have a low risk of bias. Another two studies (22, 25) were considered to have a moderate risk of bias. The other two studies (24, 26) had a high risk of bias.
Discussion
This systematic review was designed to evaluate the clinical outcomes (recession width, recession depth, Fig. 5 . Complete root coverage. No statistically significant difference of risk ratio (risk ratio = 1.00, 95% CI: 0.80-1.24, P = 0.98) to achieve complete root coverage was detected between the two techniques. Exposed graft for root coverage percentage of recession coverage and complete root coverage, probing depth reduction, clinical attachment level gain, keratinized tissue gain, and biotype change) of two root-coverage techniques utilizing a partial or full-coverage CTG surgical technique. This scientific evidencebased review indicated that the use of a partially exposed CTG for root-coverage procedures could achieve a greater gain in keratinized gingiva, while a fully covered CTG might increase the amount of root coverage for the exposed root surface. Therefore, to optimize the outcomes of root-coverage procedures, the clinician should select the appropriate surgical approach based on the intervention goals. If a gain in keratinized tissue is desired, a clinician can use a partially exposed CTG technique; if an increase in recession coverage and a reduction in recession depth are desired, a clinician can utilize a fully covered CTG technique. The major strength of this systematic review is the number of clinical outcomes it compares between a partially exposed and a fully covered CTG technique. Also, the meta-analysis allows the authors to create a suggested clinical guideline in which the intervention goals of a rootcoverage procedure should govern the surgical approach used. Nevertheless, there are several limitations in the current systematic review. The first limitation is the small number of studies included (only five). The second is that the influence of confounding factors on clinical outcomes between the groups in the present study cannot be validated. In the third, the current systematic review is limited in terms of the longevity of the recorded parameters as the longest follow-up period found was 18 months (24) . Future studies should analyze the long-term outcomes, past 18 months, of the clinical parameters between the two surgical approaches.
A CTG procedure is considered as one of the most predictable methods to achieve root coverage (15) . Different surgical techniques for the procedure have been identified in the literature. LANGER & LANGER (34) proposed leaving a collar of epithelium attached to the CTG in order to create a more uniform gingival contour at the junction of the graft and natural gingiva. RAETZKE (35) described a similar approach with an envelope technique, also leaving part of the epithelium in the middle portion of the graft. More recently, a CTG without an epithelial collar has been utilized in which a CAF is used in order to cover the graft (22) . The aim of this fully covered design is to decrease the exposure of the graft to the oral cavity as well as to provide a better blood supply from the underlying periosteum and overlying flap. These techniques are the surgical techniques analyzed in this systematic review. Previous RCTs (23, 25) and retrospective case series (24) have demonstrated that a partially exposed CTG results in a significantly greater increase in keratinized gingiva than a fully covered CTG. This systematic review had consistent findings. The increase in gingival width provides further support for utilizing a partially exposed CTG technique when the clinician's therapeutic goal is a gain in keratinized tissue. In a previously published article, BORGHETTI et al. (36) suggested that when an inadequate keratinized gingiva is present, full coverage of the CTG should be avoided. Our study finding supports the conclusion of BORGHETTI et al. (36) that a partially exposed graft does yield a greater increase in keratinized gingiva, which is beneficial for patients with keratinized gingiva of a minimal width.
The significance of tissue biotype on root coverage has been discussed in many studies (37, 38) . A recent systematic review (39) concluded that there existed a significant correlation between flap thickness and root coverage, and a critical threshold thickness of >1.1 mm was suggested from the analysis. However, in our study of exposed and fully covered CTG techniques, both CTG procedures demonstrated a significant increase in tissue thickness (23, 26) and further reduced patients' risk of future and recurrent gingival recession (40) . Therefore, the initial tissue biotype should not be a factor to consider if an exposed graft will be used.
Our data demonstrate that there is no statistically significant difference in change of probing depth and clinical attachment level when utilizing an exposed or a fully covered CTG. Animal (41) and human (42) studies showed that attachment of CTG to the exposed root surface is mediated by a combination of epithelial downgrowth and connective tissue attachment following a CTG procedure. The soft-tissue healing process of partially and fully covered CTG is expected to be similar. Therefore, the difference in change of probing depth and clinical attachment level between the two groups was minimal.
Although the difference in recession-depth reduction between the two surgical approaches was not statistically significant, our study showed that a partially exposed CTG presented a tendency of less recessiondepth reduction than a fully covered CTG. The authors speculate that this outcome might result from a relatively unfavorable blood supply to the uncovered portion of the graft (25) .
Currently, there is a lack of consensus on how much graft can be left uncovered in a partially exposed CTG procedure without compromising clinical outcomes. CORDIOLO et al. (24) reported that 2.8 AE 1.1 mm of graft could be left exposed; another two studies (23, 25) described an average amount of 1-2 mm of exposed graft. However, it is worth noting that the apical onehalf to two-thirds of the graft has to be covered by the flap to ensure survival of the exposed portion of the CTG (34) . Future studies designed exclusively to determine the maximum amount of CTG that can be left exposed to the oral cavity would be beneficial to create a guideline for the partially exposed CTG technique.
In conclusion, the use of a partially exposed CTG in root-coverage procedures could achieve greater gain in keratinized gingiva, while a full-coverage CTG might be indicated for procedures aiming to reduce recession depth. In terms of the percentage of complete root coverage, no difference was seen between the two techniques. Therefore, clinicians should select the appropriate surgical approach based on the intervention goals to optimize the clinical outcomes. Exposed graft for root coverage
